A topographic gradient of TOP molecules in retina can be used to identify neuron position. Antibody to TOP from hybridoma cells that were injected into in vivo embryo eyes diffused into the retina and bound in a topographic gradient of [antibody-TOP] ([Ab-TOPJ) complexes. Synapse formation in retina was inhibited in the presence of anti-TOP antibody. This suggests that TOP is involved in synapse formation and that recognition of position by neurons is necessary for normal synapse formation.
Molecular markers of cell positon have been postulated to play a role in the development of the nervous system (1) . One such marker, TOP, is a cell surface molecule that is distributed topographically in a 35-fold gradient from the dorsoposterior margin to the ventroanterior margin of the chicken retina (2, 3) . TOP molecules are present on most or all cells in the retina. The number of TOP molecules detected per cell varies continuously along the axis of the antigen gradient. Thus, TOP can be used to identify cell position along that axis of the retina. In the present study, the role of molecular markers of cell position in the development of the nervous system was examined by using a monoclonal antibody to TOP. Antibodies provide a means of blocking molecular function (4) (5) (6) (7) , and antibodies to neuronal surface molecules have been used to disturb growth cone behavior and disrupt neurite outgrowth (8) (9) (10) (11) (12) (13) (14) .
Our objectives were to determine the accessibility of TOP in the in vivo retina to antibody, to determine the persistence of antibody in the retina after injection into the embryo, and to identify changes in the development of retina that is continuously exposed to anti-TOP antibody. Antibody injected extraembryonically into the amniotic cavity of young embryos in ovo and injected intraocularly into older embryos diffused into the retina and formed [antibody-TOP] ([Ab-TOP]) complexes in the expected gradient. Synapse formation in retina was inhibited in the presence of [Ab-TOP] complexes.
RESULTS
[Ab-TOP] Distribution After Extraembryonic Injection. Antibody to TOP injected into the amniotic cavity of in ovo chicken embryos [2] [3] [4] days after fertilization was detected on retina cells 1 day after injection. The concentration of [Ab-TOP] complexes detected was higher in dorsal retina than in ventral retina (Fig. 1) . Antibody injected into the amniotic cavity of embryos older than 4 days and antibody injected into the yolk, a rich source of maternal antibody for the chicken (16) , of 3-day embryos was not detected in retina (not shown). Thus, TOP antigen in retinas of 4-day embryos anti-TOP or P3X63 Ag8 myeloma antibody (6 mg of antibody per ml), 5 x iOs hybridoma cells that produce anti-TOP antibody, or P3X63 Ag8 myeloma cells in 50 ,ul of medium A [described previously (2) except without aminopterin] containing the respective antibodies were injected into the amniotic cavity of the embryos using a 25-gauge needle. The ascites fluid and the fetal bovine serum in medium A were incubated at 560C for 30 min to inactivate complement. The shell window was sealed with cellophane tape and the eggs were incubated at 380C in humidified air. Twenty-four hours later retinas were removed and cut into dorsal and ventral sections as shown. Symbols A, D, P, and V correspond to anterior, dorsal, posterior, and ventral, respectively. The choroid fissure, through which axons exit and enter the retina, shown extending from the ventroanterior margin to the center of the retina, was used as a landmark for dissection. Retina cells were mechanically dissociated in phosphate-buffered saline (PBS) and washed three times with 150 1d of solution B (1 mg of gelatin per ml of PBS) at 40C. The presence of anti-TOP antibody on the retina cells was detected as described (2) A containing antibody and 5 x 104 hybridoma or myeloma cells was injected into the vitreal space of eyes of day-11 embryos. Six days later retinas were removed and prepared for immunohistochemical localization of in situ anti-TOP and P3X63 Ag8 antibody and for electron microscopy by fixation in 2.5% glutaraldehyde in 0.12 M sodium cacodylate buffer (pH 7.3) for 10 min at 21'C and then 1 hr at 40C. Retinas were postfixed in L.0o osmium tetroxide in 0.12 M sodium cacodylate buffer (pH 7.3) for 1 hr at 40C, dehydrated in ethanol, and embedded in Epon 812. Distribution of antibody in the retina was detected in 1-Mm-thick Epon sections. Epon and osmium were removed from the sections with sodium ethoxide/ethanol and hydrogen peroxide as described (17, 18) . Epon sections (1 Mm-thick) mounted on glass slides were heated at 60°C for 48 hr. Epon was removed from the tissue by incubation in saturated sodium ethoxide/absolute ethanol, 1:2 (vol:vol), for 15 min at 21°C. The slides were rinsed three times in absolute ethanol and immersed in 0.2% hydrogen peroxide for 5 min at 21°C. The tissue sections were washed three times for two min each in solution B and then one time in solution B containing 2% fetal bovine serum for 1 hr at 21°C. Sections were incubated in solution B containing biotin-conjugated anti-mouse IgG prepared in goats (E-Y Laboratories, San Mateo, CA) diluted 1:10 and 10 Mg of bovine serum albumin per ml and 2% fetal bovine serum in PBS for 1 hr at 21°C. Sections were washed in solution B four times for five min each. They then were incubated in rhodamine-conjugated avidin (E-Y Laboratories) diluted 1:20 in solution B for 30 min at 21°C. The sections were washed as above, mounted with phosphate-buffered glycerol (BBL), examined on a Zeiss Universal microscope with epi-fluorescence illumination, and photographed (Kodak ASA 400 Ektachrome color slide film).
Stability of the TOP Gradient in the Presence of Antibody. The stability of TOP expression in retina after intraocular injection of anti-TOP hybridoma cells and P3X63 Ag8 myeloma cells was determined by measuring the amount of antibody from the injected source that was bound to the retina cells 5-11 days after injection and the total amount of TOP detectable in the same retina by in vitro assay with additional exogenous antibody. A gradient of TOP molecules was detected at all ages tested after injection (Fig. 5) . Eleven days after injection, when anti-TOP antibody no longer is present in retina, a normal gradient of TOP was detected by in vitro assay with exogenous antibody (Fig. SA) 11 -day chicken embryos. The presence of anti-TOP antibody in the retina was determined as described in the legend to Fig. 1 . One day after injection of the antibody, and each day subsequently through day 10, retinas were removed from the embryos; one-half of each retina was prepared for electron microscopy (described in the legends to Figs. 3 and 6) and synapse counts (Fig. 7) and the other half retina was cut into four sections as shown and assayed for anti-TOP antibody. Bound 125I-F(ab')2 (pmol/mg of protein) is shown on the ordinate and the number of days of incubation of the embryos after injection is shown on the abscissa. o and *, section A, dorsoposterior retina; A and *, section B, posterior retina; o and *, ventroposterior retina; 0 and *, ventral retina. Each point is the mean of two to four determinations.
injection of P3X63 Ag8 cells at all ages tested from day-15 to Antibody. Antibody was injected into eyes of day-11 embryos day-21 embryos, from day 5 to day 11 postinjection (Fig. 5B) , at the time neuron process layers are forming and 2 days and in day-7 posthatch chicken retina 19 days after before the first structurally identifiable synapses appear intraocular injection ofanti-TOP antibody (not shown). Thus, (19) (20) (21) . Two components of the process of synapse formathe presence of anti-TOP and P3X63 Ag8 antibody in retina tion-the disappearance of growth cones and the appearance does not prevent expression of the TOP antigen gradient.
of synapses-were studied in retina from embryos exposed to Time Course of Synapse Formation in the Presence of anti-TOP antibody, P3X63 Ag8 antibody, 57D8 antibody, and Proc. Natl. Acad. Sci. USA 83 (1986) 4197 no antibody. For this study growth cones were defined as bodies containing large, irregular membrane cisternae or vesicles (22, 23) . These bodies were larger in section than most neurites and sometimes were seen in continuity with neurites and filopodia. Anti-TOP antibody from the injected hybridoma source reached maximum binding in the retina 4 days after injection (day-15 embryo). At this time, retinal development appeared normal. Electron microscopic analysis revealed that the number of growth cones and synapses and the amount of extracellular space between neurites was similar in retinas Qxposed to anti-TOP antibody and to no antibody (Figs. 6 A and B and 7) . However, with continued exposure to anti-TOP antibody retinal development was altered.
In normal retinal development from embryonic day 15 to day 18 the number of growth cones decreased 50% (Figs. 6C  and 7A ), whereas the number of growth cones increased 50%o during the same developmental period in retinas exposed to anti-TOP antibody (Figs. 6D and 7A ) and then from 7 to 10 days after injection decreased to three growth cones per 100 Atm2, near control levels (not shown after day 19) . The number of synapses increased 150% in normal retinas from embryonic day 15 to day 18 and then plateaued at 39 or 40 synapses per 100 Am2 between day 18 and 21 as described (21); however, in the presence of anti-TOP antibody, the number of synapses increased minimally between day 15 and 18 ( Figs. 6D and 7B ). Then from day 18 to day 21 the pumber increased to 35 per 100 AMm2, approaching control levels.
Extracellular space between neurites also was affected by anti-TOP antibody. The amount of extracellular space between neurites remained unchanged from 4 to 10 days after injection of anti-TOP antibody when neurite packing normally increases. Maintenance of a large extracellular space in retinas exposed to anti-TOP antibody was restricted to the neuron process layers. No (from embryos used in Fig. 4) were prepared for electron microscopy as described (Fig. 3) have been shown to inhibit cell-cell adhesion (24, 25) and to disrupt axonal fasciculation and the projection of most retinal ganglion cell axons on the optic tectum (12, 13) , although some axons in direct contact with tectal cells correct the disruption (12) . Antibody T61/3/12 blocks neurite outgrowth of chicken retina cells in vitro (8) , whereas antibody to Thy-i stimulates neurite outgrowth of rat retina ganglion cells in vitro (11) . Antibody Li inhibits granular cell migration in rat cerebellum explants (26) . 
